ABSTRACT We studied the influence of enzyme supplementation (ES) of the diet and heat processing (HP) of barley on digestive traits and productive performance of broilers from 1 to 42 d of age. There were 6 diets arranged factorially with 2 doses (0 and 500 ppm) of a fungal enzyme complex with β-glucanase and xylanase activity and 3 HP of barley (raw, micronized, and expanded). In addition, a control diet based on raw corn without ES was also included from 1 to 21 d of age. Enzymes reduced intestinal viscosity (IV) at all ages (P ≤ 0.001) and water intake at 21 d of age (P ≤ 0.01) and increased DM of the ileal contents at 28 d (P ≤ 0.001). Also, ES increased total tract apparent retention of nutrients and BW gain and feed conversion ratio from 1 to 42 d of age (P ≤ 0.001). Heat processing of barley increased
INTRODUCTION
The use of barley in poultry diets is limited, because its high content in nonstarch polysaccharides (NSP) results in increased intestinal viscosity (IV), reduced litter quality, and poor productive performance (Herstad and McNab, 1975) . Most of the adverse effects of barley feeding have been attributed to the content of β-glucans (Ravindran et al., 2007) , although xylans are also a contributing factor (Gracia et al., 2003b) . The NSP fraction of the cereal protects lipids, starch, and protein, thereby compromising the access of digestive enzymes to dietary components. Enzyme supplementation (ES) reduces IV and improves total tract apparent retention (TTAR) of nutrients and feed intake , thereby increasing broiler productivity. IV at 7 and at 28 d of age, and DM of ileal contents (P ≤ 0.05) at 28 d of age. In addition, HP improved feed intake (P ≤ 0.01) and BW gain (P ≤ 0.001) from 1 to 7 d of age, but the effects disappeared after 21 d of age. From 1 to 7 d of age, chicks fed micronized barley had higher IV, gained less weight, and had poorer feed conversion ratio than chicks fed expanded barley (P ≤ 0.05). It is concluded that barley with enzymes can substitute for all of the corn in diets fed to broilers from 1 to 21 d of age. Enzymes improved digestive traits, retention of nutrients, and broiler performance from 1 to 42 d of age, and HP of barley improved performance from 1 to 7 d of age. The effects of HP of barley on broiler performance were more evident with expansion than with micronization.
Heat processing (HP) of cereals at temperatures above 90°C is a common practice to improve nutrient digestibility and productive performance in piglets Mateos et al., 2007) . However, the effects of HP in broilers are not well documented (Vukic-Vranjes et al., 1994; González-Alvarado et al., 2007) . Heating disrupts the structures of the cell, liberating the lipids contained in the oil bodies (Huang, 1992) and releasing the starch from the protein matrix, thereby increasing the susceptibility of starch to α-amylase. On the other hand, an excess of heat might increase Maillard reactions and the proportion of resistant starch, a fraction of starch that is less available to enzyme activity (Vicente et al., 2008) . In addition, HP may increase the solubility of the dietary fiber increasing IV and reducing nutrient digestibility (Mateos et al., 2002) .
Two methods widely used to process cereals in practice are micronization and expansion. These 2 methods use a different set of conditions and, therefore, affect the structure of the dietary components of barley differently. Consequently, micronization and expansion might have different effects on digestive physiology and broiler performance. To our knowledge, there is no comparative data on the influence of these 2 procedures on performance of broilers fed barley diets.
The aim of this research was to examine the effects of ES to diets based on raw, micronized, or expanded barley on digesta characteristics, water intake, nutrient retention, and productive performance of broilers from 1 to 42 d of age.
MATERIALS AND METHODS
All experimental procedures used in this research were approved by the Animal Ethics Committee of the Universidad Politécnica de Madrid and were in compliance with the Spanish guidelines for the care and use of animals in research (Boletín Oficial Estado, 2005) .
Ingredients and Diets
A batch of barley (8.2% moisture content) was obtained from a commercial supplier (Essasa, Cabezó n de Pisuerga, Valladolid, Spain) and split into 3 portions. The first portion was passed through a hammer mill (model DFZC-635, Bü hler AG, Uzwil, Switzerland) provided with a 2.5-mm screen and used in the manufacture of the diets. Vapor was added to the second portion until reaching 19.3% humidity, macerated for 24 h, and then passed through the micronizer (Microred 20, Micronizing Company, Framlingham, UK). The temperature and humidity of the grains in the last section of the machine were 74 ± 2°C and 11.2%, respectively. Afterwards, the barley was flaked through riffled rolls, finely ground (2.5-mm screen), and used to make the feeds. The third portion was finely ground (2.5-mm screen), expanded at 120°C and 30 bars of pressure during 5 s in a hydrothermal reactor (model AK38-1, Amandus Kahl, Reinbek, Germany), and used then as for the other 2 batches.
Six diets containing 50% barley were prepared in mash form. The diets combined 2 doses (0 or 500 ppm) of an enzyme complex (Endofeed, GNC Bioferm Inc., Saskatoon, Saskatchewan, Canada) produced from Aspergillus niger that contained by duplicate analysis 869 IU of xylanase (EC 3.2.1.8) and 850 IU of β-glucanase (EC 3.2.1.6) per gram of commercial product and 3 methods of processing the barley (unprocessed, micronized, and expanded). The diets were formulated according to the nutrient composition of ingredients of Fundació n Españ ola Desarrollo Nutrició n Animal (2003) and met or exceeded the nutrition recommendations of the NRC (1994) for broilers. In addition, a control diet containing 50% corn and similar nutritive value to the barley diets was formulated. Because of lack of finishing cages, this diet was tested only from 0 to 21 d of age (see below). Chromium oxide was included at 0.4% in all diets (22 to 42 d of age) and was used as a marker. The ingredient composition, estimated nutrient content, and determined chemical values of the experimental diets are shown in Table 1 .
Husbandry and Experimental Design
A total of 588 one-day-old straight-run chicks (Cobb 500) were obtained from a commercial hatchery (Cobb Españ a, Alcalá de Henares, Madrid, Spain), placed in a windowless, environmentally controlled room, and randomly allotted to 42 battery cages (Avícola Grau, Madrid, Spain; 1.0 × 0.4 m). Room temperature was kept at 32°C during the first 3 d of the trial and was then reduced gradually according to age until reaching 25°C at 21 d. The chicks received a 23 h/d light program and had free access to feed in mash form and water throughout the trial. At 21 d of age, the chicks were moved to a finisher barn that contained 36 cages (Avícola Grau, Madrid, Spain; 1.2 × 0.8 m). Due to lack of sufficient cages, all the replicates belonging to the corn control diet were withdrawn from the trial. Therefore, from 21 to 42 d, there were only 6 diets based on barley.
Laboratory Analyses
Feeds were analyzed in duplicate for moisture by the oven-drying method (930.15), ash by a muffle furnace (942.05), N by the Kjeldahl method (954.01), ether extract by Soxhlet fat analysis after 3 N HCl acid hydrolysis (920.39), and Ca by the dry ash method (927.02) as described by AOAC International (2000). Gross energy was determined using an adiabatic bomb calorimeter (IKA-4000, Janke & Kunkel, Staufen, Germany). The excreta was analyzed in duplicate for moisture, N, and GE, and the ileal contents were analyzed for N following the same methods previously described for feeds. Chromium content of feeds, excreta, and ileal contents were analyzed by atomic absorption spectrophotometry (Smith-Hieftje 22, Thermo Jarrell Ash Corporation, Franklin, MA), using predosed samples of excreta to prepare common-matrix standards (García et al., 1999) . Before analysis, the samples were ashed at 550°C for 6 h and digested by boiling with a solution of nitric acid (1.5 M) and potassium chloride (3.81 g/L). The activity of the commercial enzyme complex used was determined by the rate of release of reducing sugar (Miller, 1959) during incubation (5 or 10 min) with the appropriate substrate (β-glucan or xylan) at pH 4 and 30°C. Total NSP content of barley, diets, and excreta were analyzed following the method described by Theander et al. (1995) .
Digestive Traits
Three (7 d of age), 2 (28 d of age), and 1 (42 d of age) chicks per cage were randomly selected, weighed, and euthanized by cervical dislocation. The jejunum (defined as the region from the pancreas to Meckel's diverticulum) was dissected aseptically, and the digesta contents were collected and pooled by replicate as described by Lázaro et al. (2004) . The digesta was homogenized, and 2 Eppendorf tubes were filled (1.5 g of sample) and centrifuged (12,000 × g, 3 min). The viscosity (in centipoises, cP) of a 0.5-mL aliquot obtained from the supernatant solution was determined at 7, 28, and 42 d of age with a digital viscosimeter (model DV-III, Brookfield Engineering Laboratories Inc., Stoughton, MA) at 37°C. Each sample was read twice at the speed of 12 rpm, and the The barley used was unprocessed, micronized, or expanded, either with or without 500 ppm of the enzyme complex (Endofeed, GNC Bioferm Inc., Saskatoon, Saskatchewan, Canada), according to treatment. average value was used for the statistical analysis. Percentage of pasted vents, expressed as the proportion of chicks showing adhered droppings to the perineal region, was evaluated at 7 and 10 d of age by visual observation of the chicks, by a single monitor blind to treatment to ensure homogeneity of criteria.
Water intake for the last 24 h was measured by replicate at 21 and 35 d of age, and the DM content of ileal digesta and excreta were determined at 28 d of age by using representative samples of ileal digesta (4 to 5 g) and excreta (220 to 250 g). In addition, 2 g of crop content was collected immediately after slaughter at 42 d and mixed with 5 mL of distilled water to measure the pH using a pH meter fitted with a glass electrode (Crison 507, Crison Instruments S.A., Barcelona, Spain).
TTAR of Nutrients and Apparent Ileal Digestibility of N
At 21 d of age, 2 chicks per replicate were moved to metabolism cages and fed their respective experimental diets from 21 to 42 d of age. At 28 d of age, representative samples of excreta produced during the previous 48 h were collected by replicate, homogenized, oven-dried (60°C for 72 h), and ground with a laboratory hammer mill (1-mm screen, Riechst model Z-I, Stuttgart, Germany). The TTAR of N, organic matter (OM), and NSP and the AME n of the diets were estimated by the indigestible marker method as described by Gracia et al. (2003a) . Also, the ileal contents of the 2 chicks per replicate, euthanized at 28 d of age to study digesta traits, were col- lected, pooled, frozen (−20°C), and stored. Ileal samples were freeze-dried, ground, and analyzed for N, and the apparent ileal digestibility of N (AIDN) was calculated.
Productive Performance Traits
Body weights of chicks and feed consumption were recorded by cage at 1, 7, 14, 21, 28, 35, and 42 d of age, and BW gain (BWG), average daily feed intake (ADFI), and feed conversion ratio (FCR) were calculated from these data by period (1 to 21 d and 21 to 42 d of age) and for the overall experiment. Birds that died during the experiment were weighed, and their BWG was included in the calculations of FCR. Feed wastage was observed to be negligible and was not recorded.
Statistical Analysis
Data were analyzed as a completely randomized design with type of cereal, ES of the barley diets, and HP of barley as main effects. From 1 to 21 d of age, the effects of type of cereal were analyzed by performing a contrast between the corn diet and the average of the 6 barley diets. A nonorthogonal contrast was also made to compare the corn control diet and the 2 raw barley diets with and without ES in this period. To reduce type I error, the Bonferroni test was used for this comparison. In addition, the effects of ES and HP of barley were analyzed according to a 2 × 3 factorial arrangement by using a 2-way ANOVA of the 6 barley diets (SAS Institute, 1990) . When HP of barley effect was significant, treatment means were separated using Tukey's test (Steel and Torrie, 1980) . From 22 to 42 d of age, data of the 6 barley diets were analyzed as a 2-way ANOVA, as previously described. All differences were considered significant at P ≤ 0.05.
RESULTS
The determined values for CP, ether extract, crude fiber, total ash, and Ca of the experimental diets were close to formulated values (Table 1) . Total NSP, β-glucans, xylans, and soluble xylans of raw barley were 15.23, 3.51, 6.04, and 0.39% on a DM basis, respectively (Table 2) . Thus, the NSP composition of the barley used in the current trial was similar to the composition determined by Lázaro et al. (2003a) , whereas the total xylan content of the raw barley was slightly below the 8.5% reported by Henry (1987) . Heat processing of barley did not modify NSP values to any great extent. The proportion of soluble xylans with respect to total xylans was low and little affected by HP of barley (6.5, 6.0, and 7.1% for raw, micronized, and expanded barley, respectively). The predominant monosaccharides in raw barley (DM) were glucose (8.87%), xylose (3.16%), and arabinose (2.09%).
Digestive Traits
Effect of Cereal. Intestinal viscosity and percentage of pasted vents decreased with age (Table 3 ). In fact, no pasted vents were observed in any bird after 7 d of age. At 7 d of age, broilers fed the raw barley diet without ES had higher IV (171 vs. 8 cP; P ≤ 0.05) and higher incidence of pasted vents (81.0 vs. 3.6%; P ≤ 0.05) than broilers fed the corn diet. However, ES of the raw barley diet reduced IV and the incidence of pasted vents to 6 cp and 7.1%, respectively. Also, water intake at 21 d of age was greater in broilers fed raw barley without ES than in broilers fed corn or raw barley supplemented with enzymes (107 vs. 92 and 95 mL/d, respectively; P ≤ 0.05).
Effect of ES. The ES of the barley diets reduced IV at all ages (110 vs. 8 cP) and the incidence of pasted vents at 7 d (73.4 vs. 10.0%). The decrease in IV with ES was more pronounced at early ages (311 vs. 8 cP at 7 d and 14 vs. 5 cP at 42 d). Enzyme supplementation reduced water intake at 21 d (106 vs. 98 mL/d), but no differences were detected at 35 d of age. Also, ES increased DM of ileal content at 28 d of age (16.2 vs.19.0%) but did not affect DM of the excreta. Dietary treatment had no effect on crop pH at 42 d of age.
Effect of HP. Heat processing of barley increased IV at 7 d of age (270, 121, and 89 cP for micronized, expanded, and raw barley, respectively), but the effects disappeared with age (11, 6, and 11 cP at 42 d of age; Table 3 ). Intestinal viscosity at 7 and at 28 d of age was higher for micronized than for expanded barley diets (270 vs. 121 cP at 7 d and A nonorthogonal contrast was performed to compare the corn diet to the average of the 6 barley diets. For the 6 barley diets, the significance of the main effects (HS, EP) and interaction (ES × HP) were determined by 2-way ANOVA.
*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001. 32 vs. 17 cP at 28 d), but no differences were observed at 42 d of age. The DM of the ileal contents was higher with expanded barley than with micronized and raw barley (19.0 vs. 17.2 and. 16.7%, respectively), but no effect was found on the DM of the excreta. Also, DM of ileal, but not of excreta content, was higher with expansion than with micronization (19.0 vs. 17.2%). A few interactions between HP of the barley and ES of diet were detected. At 7 d of age, ES reduced IV more with HP barley than with raw barley (P ≤ 0.01). Also, the decrease in IV observed at 7 d (P ≤ 0.01) and at 28 d (P ≤ 0.05) was higher in broilers fed micronized barley than in broilers fed expanded barley.
TTAR and AIDN
Effect of ES. Enzymes increased TTAR of N (62.1 vs. 59.4%; P ≤ 0.05), OM (73.7 vs. 71.3%; P ≤ 0.001), and NSP (28.3 vs. 25.1%; P ≤ 0.05) and AME n of the diets (3,122 vs. 3,051 kcal/kg; P ≤ 0.001; Table 4 ). In contrast, AIDN was not affected by ES (82.7 vs. 81.5%).
Effect of HP. Heat processing of barley increased TTAR of NSP (26.8 vs. 29.9 vs. 23.4% for micronized, expanded, and raw barley, respectively; P ≤ 0.001). However, HP did not affect digestibility of any other dietary component or AME n of the diets while AIDN was higher for expanded than for micronized barley diets (83.8 vs. 80.7%; P ≤ 0.05).
Productive Performance
Mortality during the trial was low (2.1%) and was not related to treatment (data not shown). Most of the mortality (>70%) occurred during the first week of trial.
Effect of Cereal. From 1 to 7 d of age, broilers fed the corn diet had greater BWG than broilers fed the raw barley diet with or without enzymes (15.2 vs. 14.3 and 14.2 g/d, respectively; Table 5 ). From 1 to 21 d of age, broilers fed corn or raw barley with ES grew faster (31.3 and 31.8 vs. 28.7 g/d) and had better FCR (1.55 and 1.51 vs. 1.65 g/g) than broilers fed the raw barley without ES (Table 6) .
Effect of ES. Enzyme supplementation of barley diets improved most of the productive traits studied throughout the trial. From 1 to 7 d of age, broilers fed enzymes grew faster (15.5 vs. 14.6 g/d; P ≤ 0.05) and had better FCR (1.15 vs. 1.20 g/g; P ≤ 0.05) than broilers fed the control nonsupplemented diets, and the differences were maintained from 1 to 21 d (32.2 vs. 27.9 g/d for BWG and 1.52 vs. 1.69 g/g for FCR; P ≤ 0.001) and from 1 to Means within a column and main effect not sharing a common superscript are significantly different (P ≤ 0.05). Effect of HP. From 1 to 7 d of age, HP of barley improved ADFI (18.2 and 18.0 vs. 16.8 g/d for expanded, micronized, and raw barley diets, respectively; P ≤ 0.01). Also, from 1 to 7 d, broilers fed expanded barley grew faster (15.9 vs. 15.0 vs. 14.3 g/d) and had better FCR (1.15 vs. 1.21 vs. 1.18 g/g) than broilers fed micronized or raw barley. After 7 d of age, no improvements in productive performance of broilers were observed because of HP of barley. An interaction ES × HP was observed for ADFI from 1 to 7 d of age; ES reduced ADFI in the raw barley diets but increased it in the HP barley diets (P = 0.087; Table 5 ).
DISCUSSION

Digestive Traits
Intestinal viscosity decreased with age, similar to previous reports (Petersen et al., 1999; Gracia et al., 2003b) . Also, the percentage of pasted vents decreased with age, which suggests that chicks adapt quickly to the NSP content of the diet. In fact, no pasted vents were observed at 10 d of age.
Enzymes reduced IV at all ages and the incidence of pasted vents at 7 d of age, which agrees with Pettersson et al. (1991) and Esteve- García et al. (1997) . In addition, ES reduced water intake at 21 d of age and increased the DM of the ileal content at 28 d of age. Also, Vukic-Vranjes and Wenk (1995) reported that ES reduced water intake from 7 to 21 d of age in chicks fed barley, and Pettersson et al. (1991) found an increase in DM of ileal content in broilers fed barley supplemented with enzymes.
Heat processing of barley increased IV at 7 d of age, an observation that agrees with that of Vukic-Vranjes and Wenk (1995) and Svihus et al. (2000) . Also, ADFI from 1 to 7 d of age was higher in broilers fed HP barley than in broiler fed raw barley in spite of the increased IV. These results agree with Gracia et al. (2003b) , who observed that HP of barley increased digesta viscosity in broilers from 1 to 8 d of age by 66% but also feed intake by 10.5%. Probably, HP increased the solubility of the fibrous portion of the barley, and in consequence, IV was increased. However, in spite of the increase in IV, HP did not affect the incidence of pasted vents, which might explain the lack of effect of the increase in IV on ADFI. The procedure used in HP the barley influenced digesta viscosity in broilers at 7 and 28 d of age; IV was greater for micronized than for expanded barley. Consequently, the procedure used in HP the cereal portion of the diet might influence digesta traits in young chicks, which in turn might affect broiler performance at these ages. In fact, at 28 d of age, ileal DM content and AIDN were lower for micronized than for expanded barley diets.
The reduction observed in IV with ES at 7 d of age was greater with HP than with raw barley diets, results that agree with Vukic-Vranjes and Wenk (1995) , who reported that the effects of ES on IV, nutrient availability, and broiler performance were greater with HP than with raw barley diets. Heat processing might solubilize part of the fibrous components of the cereal, and therefore, the probability for enzymes to improve digestive traits is higher with HP than with raw barley diets.
TTAR and AIDN
Enzymes consistently improved the TTAR of all nutrients in agreement with previous research (Ankrah et al., 1999; Gracia et al., 2003b; Ravindran et al., 2007) . Also, Vukic-Vranjes and Wenk (1995) reported that ES increased the AME n of extruded diets. However, in the current trial, ES did not modify AIDN, in contrast to the observation of Ravindran et al. (2007) , who found that supplementation of barley diets with β-glucanase improved AIDN and of most amino acids. Probably, the variability for AIDN values observed (Table 4) precluded the detection of differences between supplemented and nonsupplemented diets.
The influence of HP on nutrient digestibility of poultry diets is the subject of debate (Mateos et al., 2002; Gonzá-lez-Alvarado et al., 2007) . Vukic-Vranjes et al. (1994) and Plavnik and Sklan (1995) have found that HP of barley improved nutrient digestibility. Wiseman (2006) indicated that HP might denature the α-amylase inhibitors contained in the cereals, thereby improving starch digestion. Plavnik and Sklan (1995) observed that HP of barley Means within a column and main effect not sharing a common superscript are significantly different (P ≤ 0.05). Average daily feed intake (g).
4
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A nonorthogonal contrast was performed to compare the corn diet to the average of the 6 barley diets. For the 6 barley diets, the significance of the main effects (HS, EP) and interaction (ES × HP) were determined by 2-way ANOVA.
*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001.
increased AME n of the diets significantly, but the improvement was only 2.2% for extrusion and 2.7% for expansion. However, HP of barley did not influence TTAR of any nutrient other than NSP (Table 4) . Heat processing might have solubilized part of the NSP contained in the cereal, thereby improving fiber digestibility. Francesch et al. (1994) and Vukic-Vranjes and Wenk (1995) did not find any effect of HP on energy utilization in broilers. In the current experiment, the expansion of barley improved AIDN, whereas no effect was observed for micronization. The reason of this interaction is unknown, but probably the conditions of time and temperature applied during micronization were excessive for barley, thereby reducing the digestibility of some nutrients as has been demonstrated by González-Alvarado et al. (2007) and Vicente et al. (2008) in broilers and piglets fed HP rice.
Productive Performance
From 1 to 21 d of age, BWG was reduced 9.1% and FCR was impaired 6.1% when corn was substituted by raw barley. This information agrees with Yu et al. (1998) , who observed that BWG of broilers decreased linearly with increasing levels of barley in the diet. However, when the barley diet was supplemented with enzymes, the differences between the barley and the corn diets disappeared, indicating that, from 1 to 21 d of age, barley can be substituted for all the dietary corn provided that enzymes are used. These results agree with Lázaro et al. (2003a) , who reported similar performance (egg production, egg weight, and egg mass) of laying hens when 35% of the corn was substituted by barley supplemented with enzymes. In contrast, Yu et al. (1998) found that broilers fed barley diets supplemented with enzymes had poorer performance than broilers fed a control diet based on corn.
Enzyme supplementation of barley diets improved BWG and FCR of broilers at all ages, results that are consistent with previous research (Ankrah et al., 1999; Gracia et al., 2003b) . However, the beneficial effects of ES were more pronounced from 1 to 21 d of age than from 22 to 42 d of age, which agrees with most published information (Pettersson and Å man, 1988; Gracia et al., 2003a) .
Heat processing of barley improved BWG in broilers from 1 to 7 d of age by 8.4%, which was consistent with Means within a column and main effect not sharing a common superscript are significantly different (P ≤ 0.05). Average daily feed intake (g).
4
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A nonorthogonal contrast was performed to compare the corn diet to the average of the 6 barley diets. For the 6 barley diets, the significance of the main effects (HS, EP) and interaction (ES × HP) was determined by 2-way ANOVA.
*P ≤ 0.05; ***P ≤ 0.001. the 7.7% increase in ADFI observed. No effect of HP of barley on broiler growth was detected after this age, which agrees with Gracia et al. (2003b) , who observed that chicks fed HP barley performed better than chicks fed raw barley from 0 to 8 d of age and that the beneficial effects of HP disappeared with age. In contrast, Herstad and McNab (1975) and Vukic-Vranjes and Wenk (1995) concluded that HP of barley did not have any effect on performance of broilers at any age. In fact, Herstad and McNab (1975) observed that heating barley at 120°C increased BWG only in 1 of 4 trials. Heat processing of barley modifies the physical and chemical structure of the cereal, improving accessibility of enzymes to dietary components and facilitating its utilization. Therefore, HP is expected to be more beneficial during the first days of life, because the digestive capability of the gastrointestinal tract is limited in young chicks (Noy and Sklan, 1995) . In the pig, no differences in performance were observed with diets based on expanded or micronized barley (Medel et al., 2000) or corn (Medel et al., 1999) . No data is available in the literature comparing the effects of these 2 HP procedures in broilers. The beneficial effects of HP of barley on broiler performance were limited to the first week of age and were more pronounced with expansion than with micronization. The reason for the better feed efficiency observed with expanded barley from 1 to 7 d of age is not apparent. We hypothesize that the conditions imposed in the micronization process might have been too severe, increasing Maillard reactions and starch retrogradation and thereby reducing protein and energy availability (Vicente et al., 2008) . In fact, Pettersson et al. (1991) and Plavnik and Sklan (1995) have shown that mild heating of barley, as occurred in our trial with barley expansion, improved nutrient digestibility and broiler performance.
We conclude that barley can be used in substitution of corn in prestarter broiler diets provided that enzymes are used. Enzyme supplementation of barley diets improves digestive traits, nutrient digestibility, and broiler growth at all ages. In general, HP of barley has little effect on broiler performance after 7 d of age, and expansion might be a better procedure to process barley destined to broiler diets than micronization.
